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<54) . Abstract Title ■. ' . . " ' Sr . " : ■ ' -"-^-V'v-. ' ' :V" ;^ ' r - S-'.. [ ; " 

Downhole data acquisition apparatus ^ 

(57) A data acquisition apparatus for use in a wellbore cpmprtses an array of sensing devices (22, 24, 26, 28, 
30, 32) attached to the inner surface of casing (12) and a master unit (34) positioned towards the downhole end 
of a vvellbore (10). The master unit (34) is connected to a receiving and processing unit (36) on surface (40) by 
an electrically conductive cable (42). Each sensing device comprises a first transceiver, a processing unit, a . 
second transceiver, a power supply unit and sensors. The sensors detect downhole parameters such as 
pressure, temperature, flow rate and resistivity. Signals from a sensor are processed in a sensing device and . 
passed on to a sensing device further down the array. Here these signals are combined vyith the signals from 
the sensors in another sensing device and this combined signal sent onto further sensing units in a "bucket 
brigade" mode. These signals are subsequently passed along the array until they are eventually passed to the 
master unit (34) for transmission to the surface. Preferably the sensing units communicate using y^ireless 
telemetry such as acoustic vsraves. 
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FIG. 1 
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:FIG . 2 



Da^a Acquisition Apparatus 



This invention relates to data acquisition apparatus for use in 
.5 ;a welibore and a miethod of acquiring signals down a wellbore. 

. > V ^ v; ; : ^-^r.'^'f-^;-.. BACKGROUND OF THE ilT^TTION ; / . v. ' 

10 Data'- acquisition apparatus /■ including sensors/ is of tien, proyid 

in a wellbore .^vt of fluid withiri a f luid : 

prdduGing- . reservoir ; or faovement of fluid Within the .Welibore 
itself . In a wellboi"^ with casing and tubing in place/ sensors v 
r ; V are 'typrca:lly i ^placed ' behind the tubincf, so ■ as to be ; in an 
15 . annulus between tubing and casing, ' and the sensors are connected 
to the surface by a cable positioned in the annulus. The cab 
prpvideis both power and teleirietry td / the; : sensors . ■ it has been 
. attempted to deploy the sensors behind casing/ coiiriecting^ ^ t 
sensors to the surf aLce by a - cable which ^P^sses through 7 the. ; 
20 cement holding the casing in contact with th^ outer wall of the-: 
welibore. - H arisen with such technigTiaes due ; 

to the difficulties . of .protecting the cable during installation, ^ 
. and ensuring that the quality of the ceihentr^is riot /affected by " 
: the presence of the cable/ as otherwise zonal isolation cannot 
■ 25' 'be.- mainta:ined..:- ':, ^/ r :- \ '' .'^ ^ ■ :•/" ■ • 'V • . ' ' ■ ■ ' 

. It has been proposed to avoid such E>r obi ems by providing a 
wireless telemetry link; from downhole to surface . . However . 
problems also arise with this approach in relation to sigfnal . . 
'3 0 -attenuation arid tr^ range, 

• • ; \ ^ SUMMARY OF THE. INVENTION 

According ^to one aspect of the present /invention/ there . is; , 
35 " provided a data acquisition apparatus for use in . a welibore/ 
comprising a receiving means attached to an elongate electrical 
.connector: f 0r . coriveying signals from downhole to surface/; and .a , 
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.. plurality of sensing devices adapted to be positioned downhole 
in spaced 9Lpart positions remote from the receiving means , so as 
; .to form an array of sensing devices. \ * 

5 Typically the electrical elongate connector is " ^ attached 
to' a; surf ace processing unit which can both receive and transmit 
V , , sigTia:ls along the cpnnectpr. 

• Preferably the/ receiving means \includes a ; transmitter so as . to 
10 allpw two-way travel, of signals within the wellbore Thus both, 
uphole and dowrihol.e .transmission of signals, is enabled, allowing 
: . acciai -data to be forwarded uphole '.and . coirffnand;/ 

: the surface to b^ sent downhole to': the sensing devices via the 
-.-receiving; means'. ;.- • :^ , '■' ■ ■ ' ■: '- / ; 

i5;;-'^..^.v: \ \ ^ 

. • r.The present invention is particularly of use when .acquiring data 
in near-bbrizontal wells/:, or, horizontal;, wesllsy and . in such 
. situations the receiving means is preferably; loeaited within the 
: vertical part, of the wellborei ' with the sensing devices adapted 
.20 . to b^ positioned along the near horizontal or horizontal portion 
, of the wellbore . The use of - a receiving .rtieans with ;an 
relectrical - connection, to ' surfac^e t carry signals over the 
/ 'vertical section of the • wellbore . substantially reduces., the 
/ number of spaced . sensing devices - required transmit- the signal 
25 from downhole to surface -over the nximber : required for pure' 
wireless telemetry along the .entire ' leng^ the. wellbore : 

Preferably each sensing, device ; has at ■ least one. sensor/ a 
transmitter and a / receiver. ■ This ' allows data acquired by one 
30 sensor to be transmitted to a receiver, on a neighbouring sensing 
device for transmittal from the neighbouring sensing device to 
the next neighbour, " et seq, Data signals thus may be relayed 
along the array of sensing devices until the last sensing device 
in the array transmits ^11 a.c.quired data to the receiving means.. 
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Eeich sensingf device may include a plurality of sensors so . that 
data relating: '/to different 'parcorieters, : suqh ..as.' temperature. 



pressu3fe> resistivity, and fluid flow, can be acquired. 

Each sehsing device niay be provided with a processing unit to 
allow signals received from a sensing device further down the 
array to be combined with ,its own • signal, so. as to produce a 
cdrnbined signal , for onward transmission to the next : sensing 
device in the array. 

Preferably each sensing device is provided with first and second 
trans dei vers, the first transceiver ireceiving a signal from s^^^ 
'first neighbouring sensing device . in the aif ray ,^. ahd; the second; 
transceiver ; tranismit tin the Combined signal to a : second 
neighbouring sensing device in the array . 

in sbme arrangements^ the sensing ^devices may be able to move 
within; :the wellbo and , to ■ this end . may be ; in ; the f brtn .of" 
robot-like entities. . ' ; 

In other Airrangements , . the sensing devices, may be permanently 
fixed^ 7 in position within the. weilbore, ; . typically, by 
iricorporatihg the sensing devices iiito casing, ei their internally; 
.or : ext Urinal ly. With subh permanent positioning, , the sensing: 
deviceis require a. downhole power supply/ which may he- provided 
for /example by\ means of batteries . . However the power available 
downhole ; will be - limited compared : to. /that . which would be 
available with a power connection to surface, .and therefore the 
transmission range of the transceivers associated with' . the 
sensing' devices will be limited as . cpirqpaifed with sensing devices 
which can be powered from. the. surface. Boosters may be provided 
between the sensing deyides to ensure that each device is within 
range of. its nearest, neighbour, or preferably, sensing devices may 
be spaced at intervals along the ..well such that; the distance 
between each sensing device and i,ts nearest / neighbour- is not : 
greater than the transinission range. v ■ : ^ 

Thus, at thie limit 6f operation, without, boosters, each ^ sensing 
device, is. spaded apart from its . near vneighbpur. by a distance. 



equal * to the transmission; ran^^ Desirably at - least, two" sensing 
devices are provided within a, ^^^^^ transmission ^ . 

, . . r^ this . increases -^the niimber of sensing devices 

. - required dbwTi^ it ensures that ' a. failure .of one ■ sensing 

• 5 devi^ riot prevent onward , transmission along the array . ^ 

Thus multiple sensing , devices . may ' be provided within the ■ ^ . . 
distance equal . to the transm^^ range, and . as a preferred - 

^ - example f^ be provided. v , ' 

10 Typ spacing between the individual sensing devices' may ■ /r.^-^^^^^ . 

range fro metres. y'; .-y'-h' 

y ^ . According to ' :an of ; the. invention, there is provided 

a ., method, of . acquiringr signals down a . wellbore, comprising the 
; 15^ ; s of placing a plurality of . spaced, apart sensing devices ^ - ■ 

. . : - : i within a lower part of /the wellbore so - as to f orm an array,, a^ : 

. transmitting, data acquired ;by ; each sensing, device to a . next; one 
//AN in: the' array by wireless telemetry, so as^^ relay, data alpng ■ 
' " ■ the 'array . ;"; ■ [■'\\^-':'-//\ y:- ■ ■[:■■ '\ y :y] .;;■;. ■:;- *"•.. '>/- . V- / 

^^^^^;^^^^^^^^^ ■ of .:,^uch a relay technique avoids the need for the. 

s a: large power output: and. c 

^ ' large power requirement which would be / difficult to support 
. / where ;t^ sensing .devices are autonomous arid conn.ection . to a 
: 25". vsurf ace power supply not desirable. or not possible. ''" . 

' . : . -The expression, "wireless telemetry" is- intended to include, any 
\''y/' ^.^r^-^ . ' fo.inn of wireless communication, for example using acoustic V 
' - : , transmission or electromagnetic ..waves.. / ^ • . 

"y-V: ■-■•-■■> .-v '.--'^-''^^ ;■. ■ ■ ' - 

Preferably the method also comprises placing a receiving means 
; attached to an elongate electrical connector within an upper 
. part of the wellbore, aind one of the sensing devices of the ■ - 

. , ■ array transmits data to the receiving means:. ; . 

yy^ 25- ^ . •■■ • rZ-CV-: . \ y : ■ ■ ■ ' ' y- ■ 

/. These and other features of the. invention > preferred embodiments 
..and variants thereof , possible applic will 



beGoine; appreciated and -under stood by those skilled in the art ^ ^ 
from the detailed- description and drawings following below,; 

V ^ DR^jiNG ^: ;;. 

FIG. 1 ■ ' ^ is a sch^inatic diagrc^ dataV acquisition apparatus /^iv :: 
■ including sensing devices^ in acGbrdaiice with the : • 

.;•'•.■■^inverlt ion .'when' 'in'. use;:, and y,-/-' / 

FIG - 2 shows a schematic diagrain of the sensing device v ' : : 

^ DESCRIPTION■.;:^ ^ 

In, " Figure 1-/;. : a V weilbore \.10:. ^is " , showri^^ i 

casing ; ±2 1: cemented r in ' position ; about. the ; diametet 6t .the 
wellbore 10 and production ttobing 14 placed; w^^^ a channel 

defined theV casing 12 . - Annulus : 16 ; is formed between the 

casing 12 and tubing 14 , and is. isolated from fluid further * dowh^^ 
the- wellbore 10 by a packer 201 - Sensing units i2> . 2.4 /^^^^^ 
30, 32 are attached to the inner surface of casing 12 along thel 
substantially horizontal part of the wellbore 10 and are spaced 
apart at discrete intervals so as to £orm an array. A master 
unit 34 is positioned towards the downhole end of the vertical 
section of the wellbore 10, at the tubing shoe, and is situated 
just above packer 20 within annulus 16, The master unit ^34 is 
connected to a receiving and processing unit 36 on surface 40 by 
an electrically conductive cable 42. v;;:^ 

Each; sensing unit comprises a first transceiver 44, a processing 
unit 46, a second transceiver 48 and sensors 50, as shown for 
sensing unit . 22 in Figure 2. The sensors 50 detect various 
parameters downhole, such as pressure, temperature, flow rate of. 
fluid within the . borehole, and resistivity. , The transceivers 
44, 48 vibrate to/produce; an acoustic . signal for transmission of 
data and are receptive toV acoustic signals in . the wellbore to 
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,.; receive- data . ., I' ' 

■ .<-. The sensing units 22, 24, 26, 28, 30/ 32 are deployed downhol^e 
by attaching them to the casing 12 .. . As- the wellbore 10 is 
.5 .drilled deeper, sections of casing 12 are cemented in position 
... - and: when in the lower horizontal part of the well,' some of the 
joints of casing fed down the hole have a sensing unit attached 
,: :to them. A number of sensing units are fed down the. hole in . 

■. this way to form the array of units 22 , 24, 26, .28, 30,. 32 shown 
10 in Figure 1, with no direct connection to the surface ^40. The 
' ; spacing ^of the units in", the array:, is achieved by interspersing 
* : joints of casing having, sensing units attached with joints of 
casing without sensing units . Each sensing unit is autonomous, 
. having its own power supply, such as a battery, and because of 
15 this has a limited: transmission range, due to. the limited power 
\ available to each sensing unit from its associated /batteries . 
-- In the array ; of.; sensing ■ unit^ spaced regularly along the 
Horizontal portion ' of the well , the . distance^ ^ b^ each 
; ■ sensing unit . arid . it^ ;. . nearest neighbour; is. within • the 
20 , transmission : r-ange of the wireless telemetry used by the 
transceivers 44, 48 to communicate between the . units. The. 
/ .sensing units are spaced 50 metres apart, - with the sensing unit 
32 closest to the heel of the well being within ; transmission^ 
range of ma.ster imit. 34. • ■ • ; 

2$::';: - . ^-'y --i]'' [ ■ 

After the wellborei has been, lined with casing 12 and the 
. sensing units 22, 24, 26/ 28, 30, 32 are positioned, the master 
: ■/uni is attached to the outside of the tubing 14 and cable 

42. The production tubing 14 and packer 20' are urged, downhole 

30, from surface and as the tubing 14 passes further downhole, the 
master unit 34 and cable 42 follow until the master unit 34 is 
in . the . required downhole position. Gable 42 provides master 
unit 34 . with both a power supply and direct communication with 
the surface receiving and. processing unit 36.. Both the master 

35 unit 34 ' and ' the sensing units 22, 24, 26, 28 , 30, 32 are 
permanent and. are not. intended to be removed once dovmhole... 



\ The master unit 34 is essentially the same device as the sensing. 
' y : units/ although with a hardwired corinection to the ^ surface via ^' 
= -V cable 42 ^^;./;■;•; \ V .• • .v::-:'^- \ 

r The use of the data acquisition, apparatus is as follows: ^^^^^ : /V 

^^^^ -v-t6 vthei; conditions within . the ' wellbore • Vlp ! is ./ 

/ ■ ; acquired in; each, sensing^^'u^ the serisbrs 50 and is passed to; v - V. 

y 10 transceiver , 48, ■ Which- forwairds the data signal- to , prdcessing ; ; 

\ '--^ - ; ; ,--;''.''\-.V': . ■■■'V/;/V • ■:■ i v'^ 

Processed signals from the processing unit 46 are then passed to , • 
transceiver 44 \which . produces a vibratory signal in response to ; 
- 1$ the" processed data; so prdducihg acoustic (sound )^^;W 

traVei through the casing 12 and the fluid in the wellboire;^;^:^/^-^-^/ 

; At- the sensing unit 22 furthest down the wellbore, at the flower - 
. ;^ ■ y end. 6£ the array, the acquired data signal from sensors 50 is'^ 

: 20 :s imply / i^assed through ^^^^^ processihg unit 46 and , pnwardly 

. transmitted as an acoustic signal to the next receiver in the^^/' v . ' 
V • array by its ; transceiver 44 ; . The transceiver .48 of the, ■ ' " ^ 

neighbouring unit 24 detects the acoustic signal from the 
. • .. earlier . uhit; 22 and passes the received signal, and the. locally ^ ■ 

; - . 25 acquired signal from its own sensors 50 to its processihg imit. .\ V 
46 where - the . received data sigrnal and the locally . acquired ' ; . 
signal are combined. The combined signal is then passed to : 
: transceiver 44 which transmi tk the cbmbined signal to the next 
sensing unit 26 in the array. In this way data i^ relayed alongf 
. 30 the array in a "bucket brigade" mode, data being, acquired by 
each sensing unit and added to the data accjuired by units lower 
in the array before onward transmission. This continues along 
the array until the sensing -xanit 32 highest in the wellbore. at 
the upper end of the array transmits., t data 
35 from all the sensing iihits to the master unit 34, by acoustic . . 
. transmission through the casing 12 and the tubing 14, 
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In this way information from the sensor units . wiiere the master 
■■' ' unit . 34 is outside their transmission range, can still be 
forwarded to the master 'unit by relaying the signal, along the 
5' array. So data is transmitted from the bottom of the well , (the 
toe of the well ) to the top of the well (the heel of the well) / 
.: ;. \ . each sensing unit relaying; its own acquired^^ ^ with 
' ; \ the. data acquired by sensing units situated below it to the next 
i higheir. sensing unit in the airray. Transmission protocols for. 
iO such bucket brigade telemetry are known/ - for. example in the D4 
: t zone seismic • acquisition system marketed by Geco^ 

; Prakla, , where radio transmission "is" used in such a fashion . ; The 
^. data received by the master unit 34 is transmitted by telemetry 
y'- along cable 32 to surface 40 for processing by surface imit . 36 
15 to ide^^ the;: individual "sensor ; rea4ings. within the / combined 

.- signal J..^ / [-:/•. ^-^ ■ ■■; ' - '■' 

: sent downhole from the* surface vmit 36, these;, 

are sent by telemetry along cable 42 to the master unit 34 . The 
20 . unit 34 then transmits the commands via wireless telemetry to 
/. the first sensing unit 32 at the upper end of the array. ^' 
■ -Transceiver 44 receives the command and passes it to processing 
•V •; unit 46 to be decoded for use in the receiving sensing unit .32 

and also for onward transmission down the' array to. sensing unit . - 
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CLAIMS 



5 1 / A /data • . acquisition . apparatus f or ; use in a wellbore • 
/ ;Con55risihg\ attached to an" elongate electridal 

Goimectdr for conveying signals from downhole to surface; and a. . 
^^^^^plurality :Of sensing devices ada:p ted to be positioned downhole 

in spaced : apart positions rembte ftom the, : receive^, so as to . 
10 form an airray. pf isensing dev-ices^V '■:/[//.:.: '' \ r V ; \ 

2^ , A data; acquisition apparatus^ Claim 1/ wherein 

■ the i-eceiying: Imeans iricludes^a transmitter ■ sd: as .to ^"a^^ 
way travel of signals within the 'wGllhor^ ./ry:^ -^^^ : : ; 

: 3 : - A; data' acquisition according to claim 1 or cla wherein 
the receiving - means^ i located within the. vertical part of; t^^ 
wellbpre, with the sensing . devices . adapted to be - position 
: ; • a^lorig ^the hear horizontal or horizontal portion ! of the ' wellbore *V!-^' 

; 4. ;■ A data acquisition apparatiis according to claim 1^ 2]:OrJ.3,:y:': 
. wherein :; e^ch - sensing / device , has/ at least one senisdi^A; /a \ 
■V' \' / transmit ter-^ and. 'a. •redeiver.^^!^ : ^/''•:''':''\^-'-y^':'''^''^^^ 

25 ;5 . A data . acquisition apparatus according to any of claims IV to ^ 
/ "■ 4 /. wherein each sensing device' includes a plurality of sensors . 

■■\ 6 .^/y;./-' data acquisition apparatus ; accordihg to any of the /- 
preceding clairhs, wherein each serisihg device is provided with a ,; 
30 processing iiriit to al^ signals received from a sensing device 
fiirther down the array to be combined with its own signal; and 
■ so as' to produce, a combined signal for onward transmission to 
; ; the next sensing device in^ the array- - . 

35 7. A data', acquisition apparatus according to any . of the. 
preceding claims , wherein each sensing device is . provided with 
first and second transceivers, the first transceiver . to . receive - 
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' a signal :fr6m a, first neighbouring sensin the array, 

^ . and the . second transceiver to transmit the coinbined signal to a 
•; - second neighbouring, sensin device in the array . ^ - . ; ^ - 

' 5 "8.^^^^. ; A data acquisition apparatus according ..to any . of the 
.V. • preceding claims , ; wherein ; the sensing devices .are able to ■ move 
• V'. within;- the "wellbore..:- ..■ \ ; "^ 'V^ \ :■ ■ • " 

9 . A data acquisition apparatus' according to any = of claims ;1 to , 
10. 7, wherein .the* sensing devices are permanently fixed in .position 
■ within the^ wellbore. . ■ '.J ■ ^ ' • . ■ ' . ;■ * . 

■ ^10 . A : da.ta acquisition apparatus aqcordirig. to any of . the 
. , pireceding ciaims , '' wherein, the sensing devices are provided with 
15 -V a dowfihole power supply . , ; ^ ' 

■ V ull , : A data acquisitiori apparatus according to : claim 10 / wherein 
^^^^^ are provided between the sensing devices to ensure that ; 

■ \ each . device . is within transmission^^ .r^ its nearest 

2.0 -'neighbour . . . \. ' ^ "'i. ■• 

.12. . A data acquisition apparatus according to claim 10, wherein 
. the sensing devices are spaced at intervals along the well, .' such 
. ;t^ . distance between each sensing device and its "nearest , 

25 neighbour :is not • greater ■ than the transmitter transmission . ' 

-'Grange '• ■ • ■ ' V " • • 

;V 13 V A data acquisition appara.tus . according to claim 12 , wherein 
.at ; least two sensing devices are provided within a distance : 
30 . equal to the. transmission range of the transmitter . 

14 . A data acquisition apparatus according to claim 12 , wherein 
.'. multiple sensing devices are provided, within a:. distance equal to. 
; the . transmission range. 
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15. A method of acquiring signals down a wellbore, comprising 
the ;stepsi of .placing a plurality of spaced apart sensing devices 



■• ■" 11 : 

. lower part of the wellbore SO as to form an array, and 

transmitting data acquired by . each isensihg .device to a, next .one 
. in the array hy wireless telemetry, so as - to relay v data along 
' the -array . • ' •■ : : \ - v. . . - \ - 

5 

16. A method of acquiring signals down a- wellbore in accordanGe 
with claim 15 > wherein . the method also comprises placing a - 
receiving means attached to an elongate electrical connector 
within an; upper part of the wellbore, and one of the sensing v 
10 devices of the array transmits data to the receiving means. . . . 
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